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IN SITU HYBRIDIZATION: 
A NEW TECHNIQUE TO 
DETERMINE THE ORIGIN 
OF FIBROBLASTS IN 
CRYOPRESERVED AORTIC 
HOMOGRAFT VALVE 
EXPLANTS 
Tissue degeneration reduces the durability of cryopreserved homografts. 
Earlier studies indicated that the presence of fibroblasts in homograft 
leaflets may contribute to increased valve longevity. These fibroblasts may 
be of recipient origin or represent surviving donor cells. We developed a
method, based on in situ hybridization, to determine the origin of fibro- 
blasts in homograft explants. In young pigs we performed aortic valve 
replacement with a cryopreserved porcine aortic homograft. A male ho- 
mograft was implanted in a female pig, whereas two male recipients 
received a female homograft. After 3 to 4 months the homografts were 
explanted. Frozen sections were made and alternately examined with 
hematoxylin-eosin staining and in situ hybridization. With a biotinylated 
porcine Y chromosome-specific deoxyribonucleic acid probe, male fibro- 
blasts could be clearly distinguished from female fibroblasts. In all leaflets 
we observed both donor and recipient fibroblasts. The distribution of these 
populations was marked in schematic drawings. Recipient fibroblasts 
mostly spread onto the leaflet surface but also penetrated the leaflet tissue. 
Remaining donor fibroblasts did not show morphologic signs of decreased 
viability on hematoxylin-eosin staining. In situ hybridization may become a 
useful technique in homograft research. In this porcine model, the fibro- 
blasts in the aortic homograft explants were of both donor and recipient 
origin. (J THORAC CARDIOVASC SURG 1995;110:248-57) 
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The use of valvular homografts in heart surgery is 
/ inc reas ing ,  but as experience grows the main 
disadvantage of homografts, which is their limited 
durability, becomes more and more clear. Further 
research is therefore necessary to overcome the 
problem of structural degeneration of the leaflet 
tissue. The exact nature of homograft failure is not 
known, but it is multifactorial. Analyzing explanted 
homografts helps in understanding .the different 
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factors that eventually lead to graft dysfunction. The 
fate of the cellular elements in the transplanted 
valves has been the object of much discussion and 
speculation. The presence of living, remaining do- 
nor cells in explanted cryopreserved grafts has been 
reported. 1-3 Other studies underline the importance 
of host cell ingrowth into the graft tissue. 4-6 In this 
study, in Situ hybridization (iSH) is presented as a 
new technique that may have a role in the analysis of 
explanted homograft valves. The technique was used 
to distinguish between recipient and donor fibro- 
blasts in explanted cryopreserved porcine aortic 
homografts. The valve grafts were implanted in 
young pigs. 
Methods 
One female and two male domestic pigs received a 
cryopreserved aortic homograft from a donor of the 
opposite sex. The weight at implantation of the recipient 
animals averaged 69 kg (range 64.7 to 71.5 kg). Donor 
weight averaged 64 kg (range 58.6 to 73.7 kg). All animals 
received humane care in compliance with the "Principles 
of Laboratory Animal Care" formulated by the National 
Society for Medical Research and the "Guide for the Care 
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and Use of Laboratory Animals" prepared by the Institute 
of Laboratory Animal Resources and published by the 
National Institutes of Health (NIH Publication No. 86-23, 
revised 1985). Donor procedures were performed after 
premedication (azaperone 2 mg/kg intramuscularly, atro- 
pine 0.5 mg/10 kg intramuscularly, and metomidate 20 
mg/kg intraperitonally) and with the pig under general 
anesthesia (endotracheal intubation, mechanical ventila- 
tion with isoflurane 0.4% to 1.0% in a mixture of oxygen 
and nitrous oxide, 33%:66%). After sterile blood dona- 
tion, cardiectomy was performed under sterile conditions. 
The aortic grafts were dissected and made suitable for 
subcoronary implantation. Both coronary sinuses were 
scalloped whereas the noncoronary sinus was preserved. 
The valves were placed in a mixture of 98 ml medium TC 
199 (Imperial Laboratories, Endover, United Kingdom) 
and 2 ml antibiotic solution (5-flucytosine, final concen- 
tration 30 txg/mi; vancomycin, 12 /xg/ml; amikacin, 12 
txg/ml; ciprofloxacin, 3 /xg/ml; and metronidazole, 12 
/xg/ml). In this solution the valves were stored at 4 ~ C for 
24 hours, after which they were cryopreserved in a 10% 
dimethylsulfoxide solution according to the protocol o f  
the Dutch Heart Valve Bank (Rotterdam, The Nether- 
lands). The grafts were then stored in vapor-phase liquid 
nitrogen ( -180 ~ C) until implantation. One day before 
implantation the homografts were transported on frozen 
carbon dioxide pellets. They were thawed immediately 
before insertion in accordance with the protocol for 
human homograft valves. After overnight fasting the 
recipient animals received premedication (azaperone 2
mg/kg intramuscularly, atropine 0.5 mg/10 kg intramuscu- 
larly, and ketamine 10% 30 mg/kg intraperitoneally). 
Anesthesia was induced with halothane and oxygen, ad- 
ministered by a face mask. After endotracheal intubation, 
anesthesia was maintained by mechanical ventilation with 
a mixture of isoflurane in oxygen and nitrous oxide. 
Pancuronium was used as a muscle relaxant. Antibiotic 
prophylaxis consisted of intravenous gentamicin and in- 
tramuscular benzylpenicillin. The right jugular vein and 
carotid artery were cannulated. Cannulas were left in situ 
for the first postoperative week. 
The heart was approached through a median sternot- 
omy and cardiopulmonary b pass was started after hepa- 
rinization and cannulation of the ascending aorta and the 
right auricle. Left heart decompression was through the 
left ventricular apex. The body temperature was lowered 
to 29~ and St. Thomas' Hospital cardioplegic solution 
was given after aortic crossclamping. The ascending aorta 
was transected approximately 5 mm above top-commis- 
sural level. The native aortic valve was removed and a 
homograft was implanted in the subcoronary mode with 
preservation of the noncoronary sinus. The valve was not 
rotated. The lower and upper suture lines were performed 
with continuous running 5-0 Prolene sutures (Ethicon, 
Inc., Somerville, N.J.). Size mismatches were not encoun- 
tered. After the aortotomy was closed, the clamp was 
removed and the'heart was de-aired. At a normal body 
temperature, cardiopulmonary 'bypass was discontinued 
and protamine was given. The wound was closed with two 
suction drains in situ. The animals were extubated and 
returned to the recovery stable. Phenylbutazone/isopro- 
pylaminophenazone (1 ml/10 kg subcutaneously) was used 
for postoperative analgesia9 During the first postoperative 
week, intravenous gentamicin and intramuscular p ocaine 
benzylpenicillin were given daily; after removal of the 
intravascular cannulas, prophylaxis was continued with 
oral co-trimoxazol for 5 more days. Two weeks after the 
operation the animals were returned to the farm. Two 
animals were electively put to death 125 and 132 days after 
homograft implantation and the third one died suddenly 
after 95 days. 
The homografts were explanted together with the aortic 
root of the recipient animal. The roots were opened 
longitudinally between the right and the left coronary 
9 \ 
cusps, with care taken to avoid damage to the valve cusps. 
Macroscopic photographs were made and abnormalities 
were noted when present. The pulmonary valves were 
removed and were used as a control for the ISH proce- 
dure. From each aortic leaflet wo 5 mm wide tissue blocks 
were cut for microscopic examination. Each block con- 
tained a radial section of leaflet ogether with donor and 
recipient aortic wall tissue9 The pulmonary valve was 
treated in the same way with the difference that only one 
cusp was used. The tissue blocks were packed in small 
plastic bags that contained an embedding fluid for frozen 
tissue specimens (Tissue Tek OCT Compound; Miles 
Scientific, Elkhart, Ind.). After proper orientation of the 
tissue block, the bags were heat-sealed and transferred to 
a tube containing cold isopentane, which was then im- 
mersed in liquid nitrogen for 30 seconds. The specimens 
were stored at -70  ~ C until they were cut. 
From each block several radial 6 to 8/xm sections were 
made with the use of a Reichert-Jung 2800 Frigocut 
cryostat (Leica Instruments GmbH, Nussloch, Germany), 
starting at the level of the leaflet belly. Sections for routine 
stainings were applied to regular glass slides whereas the 
sections for ISH were put on Starfrost precoated slides 
(Knittel Glfiser, Braunschweig, Germany) to  reduce the 
risk of tissue detachment during the ISH procedure. The 
slides were stored at -20 ~ C until further use. Tissue was 
fixed in a 1% solution of formaldehyde in phosphate- 
buffered saline. Sections were stained with hematoxylin 
and eosin (HE). Other sections were used for the ISH 
procedure. The same valve areas were both treated by 
routine staining and by ISH. 
The technique of ISH enables the detection of specific 
nucleic acid sequences ("target" sequences) in histologic 
sections. 7 For this purpose, a chromosome-specific la- 
beled "probe" (a small strand of nucleic acids comple- 
mentary to the target sequence) is applied to the tissue 
section and will bind to the target deoxyribonucleic a id 
(DNA) under the right circumstances. After the ISH 
procedure has been carried out, the presence of the probe 
in a cell indicates the presence of the target sequence (and 
the chromosome on which it resides) in that specific ell. 
In this study, a porcine Y chromosome-specific library 
probe was used to distinguish male from female porcine 
cells. The probe was kindly provided by Drs. D. Milan and 
M. Yerle, Laboratoire de G6n6tique Cellulaire, INRA, 
Castanet-Tolosan, France. 8
The ISH procedure involves everal phases. The probe 
should first be labeled with a hapten, which at the end of 
the procedure is detected by immunocytochemical meth- 
ods. In this study, biotin is used for this purpose by 
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Table I. Summary of the data on the animals used in this study 
Weight at 
Recipient implantation Weight Postop. survival Weight at death 
No. Sex (kg) Donor No. Sex (kg) (days) (kg) 
B268 Female 64.7 B265 Male 73.7 132 144 
B270 Male - 71.5 B267 Female 59.9 125 137 
B272" Male 71.3 B271 Female 58.6 95 110 
*Endocardids. 
incorporating biotin-11-dUTP (Sigma Chemical Co., St. 
Louis, Mo.) into the probe. The use of a so-called library 
probe means that the probe contains many nonspecific 
repetitive nucleic acid sequences that occur throughout 
the genome. These sequences have to be masked by 
adding an excess amount of competitor DNA (which we 
extracted from male porcine spleen tissue), because the 
probe would otherwise bind aspecifically to any other 
chromosome. The next phase involves denaturation of 
probe DNA and the DNA in the tissue sections, after 
which the probe DNA can be applied to the tissue slides. 
The slides are then incubated at 37 ~ C to allow hybridiza- 
tion of target and probe DNA. After hybridization, wash- 
ings of various stringencies are performed to remove the 
probe molecules that did not take part in hybridization. 
The remaining probe molecules can then be stained, for 
which we used FITC-conjugated avidin (Vector Labora- 
tories, Inc. Burlingame, Calif.). Avidin binds to the biotin 
molecules incorporated in the probe;, FITC (fluorescein 
isothiocyanate) is a green fluorochrome that can be 
detected through a fluorescence microscope. To facilitate 
microscopic evaluation, we counterstained the nuclei of 
the Cells with propidium iodide (Sigma), a red dye. 
To test the specificity of the DNA probe and to 
establish an appropriate ISH protocol before starting the 
animal implant study, we applied the probe to smear 
preparations of male porcine lymphocytes and to frozen 
tissue sections made from several control tissues, which 
included male porcine spleen tissue, native male and 
female porcine aortic valves, and an unimplanted cryopre- 
served male porcine homograft. For evaluation of the ISH 
material, a Leitz Diaplan fluorescence microscope was 
used with an HBO 100 W vapor mercury, lamp and Leitz 
filters A and K3 (Ernst Leitz Wetzlar GmbH, Wetzlar, 
Germany). Cells containing one clear bright green fluo- 
rescent spot were regarded as being Of male origin: Nuclei 
without a spot or with a small vague signal were inter- 
preted as of female origin. The distribution pattern of 
acellular zones, areas containing the green signal, and 
zones without the signal was marked in schematic draw- 
ingsl Photomicrographs of relevant material were taken 
with a Leitz Vario Orthomat 2 camera, with Scotch 3M 
640-T color Slide film (3M, St. Paul, Minn.). Inasmuch as 
ISH sections were always paired to histologic sections 
treated byHE staining, cell structure could be related to 
cell origin. 
Results 
One female and two male pigs received an aortic 
homograft from a donor of the opposite sex. One 
male animal died before it was scheduled to be put 
to death (B272, 95 days after implantation). Endo- 
carditis was the cause of death. The two other 
animals were electively put to death after 125 and 
132 days. Weight gain was approximately 100% in 
this relatively short period. This weight gain is 
normal in young growing pigs. A summary of rele- 
vant data concerning the animals that were used in 
this study is given in Table I. 
Macroscopy. The homografts that were ex- 
planted from the animals that were put to death had 
similar appearances. The valves did not show insuf- 
ficiency, as evaluated by simply filling the aortic root 
with saline solution after the coronary arteries were 
closed. Leaflet tearing was not observed. There was 
no evidence of stenosis. The valve leaflets were still 
pliable ~md thin, although not as thin as the normal 
porcine aortic valve leaflets. The base of the leaflets 
was somewhat more thickened than the periphery of 
the cusps. No leaflet calcification was apparent. 
Aortic wall calcification was also macroscopically 
absent. X-ray studies for calcium were not per- 
formed. The space between the donor and recipient 
aortic wall was obliterated in most instances with 
firm adherence of the donor tissue to the recipient 
aortic wall. The graft with endocarditis showed 
bacterial vegetations on all leaflets. They made 
competency of the valve incomplete although cuspal 
tears or perforations were absent. Again, no evi- 
dence of calcification was found. 
Microscopy of the HE-stained sections. Evalua- 
tion of the HE-stained sections did not reveal any 
unknown findings. In al l  cases the typical three- 
layered appearance as encountered in the native 
aortic valve leaflet was no longer present. No endo- 
thelium was found on the leaflet surfaces. The 
macroscopically observed thickening at the hinge 
area was due to the presence of young fibroblasts. In 
this region some neovascularization was present. In 
most cases a pannuslike intimal fibrous sheathing 
was present on the leaflets. The sheaths were more 
prominent on the ventricular surfaces and ran along 
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Fig. 1. Distribution of Y-positive and Y-negative zones, aswell as acellular zones, in the graft that was 
explanted from pig B268. In all cases, the aortic wall is located in the left side of the drawing, whereas the 
leaflet is shown on the right side. Note that the left coronary cusp is curled up. A, Noncoronary cusp. B, 
Right coronary cusp. C, Left coronary cusp. 
the leaflets for various distances. At some places, 
cells originating from these sheaths appeared to 
infltrate deeply into the graft tissue. At the donor- 
recipient interface some mild chronic inflammatory 
reaction was frequently observed. The leaflets of the 
infected valve showed large acellular areas; one 
leaflet (the right coronary cusp) was almost com- 
pletely acellular. Focal accumulations of bacteria 
were found on almost all leaflets of this valve. The 
noncoronary cusp was damaged by the endocarditis, 
but the left coronary cusp was relatively intact. 
Microscopy of the ISH sections. To test the spec- 
ificity and sensitivity of ISH, we applied the probe 
for the porcine Y Chromosome to several control 
tissues. In smear preparations f male porcine blood 
lymphocytes, all nuclei carried a bright green signal; 
in metaphase chromosomal spreads there was al- 
ways one chromosome that was stained with FITC. 
Nearly all the cells in the cryopreserved unim- 
planted male porcine aortic valves were found to be 
Y positive, and similar observations were made in 
ISH-treated sections from the pulmonary valves that 
were explanted from the male recipient animals that 
were put to death. None of the cells in a native 
female porcine aortic valve carried a bright green 
spot after ISH. 
Pig B268mfemale recipient/male homograft (Fig. 1) 
Noncoronary cusp. A large acellular area occu- 
pied the central region of the leaflet. In the ho- 
mograft aortic wall, most cells were of host origin 
and had replaced the male graft fibroblasts. These 
host fibroblasts (the nature of the cells was derived 
from their appearance at light microscopic evalua- 
tion in the paired section) extended to the base of 
the leaflet. Remaining Y-positive (i.e., donor) fibro- 
blasts were found in the distal part of the leaflet, 
where they formed the majority of the cells. These 
donor cells showed no morphologic signs of de- 
creased viability in the paired HE-stained sections. 
Cellular or nuclear lysis was not observed. On the 
ventricular side of the leaflet a layer of host fibro- 
blasts was present, extending almost o the free edge 
and at some places infiltrating deeply into the graft 
tissue. Comparison with the paired HE section 
revealed that these recipient fibroblasts had actually 
grown into the graft tissue. 
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Fig. 2. Distribution of Y-positive and Y-negative zones, as well as acellular zones, in the graft th t was 
explanted from pig B270 (male host). No representative sections c uld be made from the noncoronary 
cusp. Note the neovascularization in hebasal region fthe left coronary cusp. A, Noncoronary cusp (not 
representative). B, Right coronary cusp. C, Left coronary.cusp. 
Right coronary cusp. Female recipient fibroblasts 
were observed in large numbers throughout the 
homograft aortic wall. Apart from one small focus of 
male fibroblaSts on the ventricular aspect, nearly all 
the cells in the hinge area and the proximal half of 
the leaflet were of host origin. In the distal half, a 
large number of persisting donor fibroblasts was 
present, covered on the ventricular side by a thick 
layer of host fibroblasts extending to" the leaflet's 
free edge. At some places these host cells infiltrated 
the underlying donor tissue, showing papillary in- 
growth patterns. 
Left coronary cusp. Cellularity of the left coronary 
cusp was good throughout the whole leaflet. The 
homograft aortic wall contained predominantly host 
cells. On the ventricular side an intimal fibrous 
sheath containing host fibroblasts extended along 
the leaflet for one third of its length. Distally, a thin 
layer of mononuclear host cells was found both on 
the aortic and on the ventricular edges of the cusp. 
The remainder of this leaflet was occupied by donor 
fibroblasts, which again on HE-stained sections did 
not show signs of cell death. 
Pig B270--male recipient/female homograft (Fig. 2) 
Noncoronary cusp. This map may not represent a 
good radial section of the leaflet and the drawing 
therefore does not reflect he actual ocalization of 
the different cells in this leaflet. Nevertheless, the 
conclusion can be made that both donor cells and 
recipient cells have remained in significant amounts 
in this leaflet. Examination with a light microscope 
showed that the majority Of the cells had the struc- 
ture of fibroblasts without signs of decreased viabil- 
ity. 
Right coronary cusp. In the middle part of the 
leaflet an acellular area was encountered. The tip of 
the leaflet was thin and also aceUular with the 
exception of some small islets of Y-positive mono- 
nuclear cells that seemed to have seeded onto the 
valve surface from the blood. The aortic wall of the 
homograft was completely occupied by host fibro- 
blasts that extended for some distance into the 
proximal inside of the leaflet. Host cells also covered 
the proximal aortic and ventricular surfaces of the 
leaflet (Fig. 3). Apart from merely forming a surface 
layer, these fibroblasts howed papillary ingrowth 
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Fig. 3. ISH photomicrograph of right coronary cusp from 
pig B270. The Y chromosome is represented by the 
yellow-green spots (FITC); the remainder of the nuclear 
DNA is red (counterstaining with propidium iodide). The 
leaflet surface shows a thin layer of Y-positive host cells 
growing over the underlying Y-negative graft tissue. 
(Original magnification 5<250.) 
Fig. 4. ISH photomicrograph of right coronary cusp from 
pig B270. Detail of leaflet surface showing a papillary-like 
ingrowth of host cells. It should be noted that the number 
of Y-positive cells in this photograph is lower than the 
number in the tissue section. This is caused by the fact that 
the FITC signals are not all in the same focus plane. 
(Original magnification • 
patterns at different levels (Fig. 4). Remaining Y- 
negative donor fibroblasts were found in the distal 
half of the cusp, where they occupied the central 
regions. 
Left coronary cusp. In the graft wall of the left 
coronary cusp the majority of the cells were found to 
be of host origin. Male fibroblasts extended into the 
leaflet base and were accompanied by small blood 
vessels with Y-positive endothelial cells (Fig. 5). 
Three acellular zones were present in the hinge area 
and leaflet base. A vast majority of the cells in the 
leaflet were Y negative, that is, of donor origin. In 
the distal half, host fibroblasts were present on the 
surface, but they were also found to penetrate 
deeply into the leaflet tissue and occupied the total 
cuspal thickness at one level. The free edge of this 
leaflet was acellular. 
Pig B272--male recipient/female homograft (Fig. 6) 
Noncoronary cusp. The homograft aortic wall 
contained host fibroblasts. In the hinge area and in 
the proximal portion of the cusp some regions 
showed destruction of ground substance and dam- 
aged cells, as well as complete acellular zones. 
Endocarditis was responsible fo r  most of these 
findings. Remaining undamaged fibroblasts in these 
regions were of host origin. The distal part was more 
cellular. Persisting donor fibroblasts were observed, 
together with superficial islands of host fibroblasts. 
Right coronary cusp. The host aortic wall con- 
tained a normal amount of host fibroblasts. The 
Fig. 5. ISH photomicrograph of left coronary cusp from 
pig B270. Detail of leaflet base showing host fibroblasts 
together with neovascularization. The endothelial cells of 
the blood vessel are Y positive. (Original magnification 
X400.) 
graft wall, however, was almost completely acellular. 
Some islets containing male fibroblasts were seen, 
together with diffusely spread inflammatory cells. 
The leaflet was also largely acellular. Remaining 
cells were located on the cuspal surface and were all 
Y positive. Inflammatory cells formed a large ma- 
jority; fibroblasts were only occasionally seen. Do- 
nor cells were not Observed in this explant. 
Left coronary cusp. Nearly all the fibroblasts in 
the graft aortic wall contained the Y chromosome 
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Fig. 6. Distribution of Y-positive and Y-negative zones, a  well as acellular zones, in the graft th t was 
explanted from pig B272 (male host). The dotted lines in the noncoronary cusp represent areas that were 
damaged by endocarditis. The left coronary cusp is relatively intact. A, Noncoronary cusp. B, Right 
coronary cusp. C, Left coronary cusp. 
(Fig. 7). Host cell infiltration extended into the 
proximal part of the cusp and was bounded by a 
large acellular area. The majority of the cells in the 
distal two thirds of the leaflet were donor fibroblasts 
with a viable structure. Some mononuclear host cells 
were present on the valve surface but did not 
penetrate any deeper. 
Discussion 
The clinical results of heart valve replacement by 
aortic or pulmonary valve homografts are good. z' 9-13 
Hom0grafts have a low incidence of thromboem- 
bolic events. They are less susceptible to endocardi- 
tis than other heart valve prostheses. 14 Their func- 
tion is good with essentially low transvalvular 
gradients. It is generally accepted that the durability 
of homografts is better than that of porcine aortic or 
bovine pericardial bioprostheses. However, ho-
mograft valves still have a limited life span with an 
unavoidable need for reoperation. Throughout the 
years, many efforts have been made to improve 
the durability of the homograft by altering meth- 
Ods of preimplantation processing. After disap- 
pointing early experiences with freeze drying, 
irradiation, and different chemical methods fol 
sterilization and conservation, two methods have 
remained. The first is antibiotic sterilization and 
storage in tissue culture medium at 4 ~ C. The 
major drawback of this method lies in the fact thal 
storage is limited to a few weeks because longel 
conservation will lead to decreased urabilit 3 
after implantation. 12 The second method is anti: 
biotic sterilization followed by cryopreservatior 
and storage in the vapor phase of liquid nitrogen 
So far as we know, conservation is not limited 
which makes cryopreservation the method ol 
choice for most homograft valve banks. In thi, 
study wet storage will no longer be considered. 
Improving the durability of homograft valves i, 
desirable. Long periods of warm ischemia re det. 
rimental to cellularity, fiber structure, and ultimatel 3 
longevity of the homograft valve prosthesis. 15Ide. 
ally, the valve should be harvested within 6 to 1~ 
hours after death. Some antibiotics are cytotoxic ant 
should be avoided. Research in this field has led tc 
recommendations on the composition of antibiotic 
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solutions and on the maximal time during which 
homografts hould be exposed to this antibiotic 
solution.6, 16 
The so-called viability of homograft valves has 
drawn much attention. Viability in this respect 
means that the homograft contains living cells after 
processing. Inasmuch as endothelial cells disappear 
almost completely in the sequence of dissection, 
sterilization, and wet storage or cryopreserva- 
tion, lS, 17, lS viability always means fibroblast viabil- 
ity. Although modern homograft banks can deliver 
homograft valves containing living fibroblasts, the 
importance of this viability remains unclear. Two 
contrasting opinions concerning the role of the 
fibroblast in determining homograft durability can 
be roughly distilled from the literature: first, that the 
presence of viable donor fibroblasts i  essential to 
homograft survival; 1' 10,19 second, that the ingrowth 
of recipient fibroblasts into the homograft tissue 
plays an important role in maintaining ood ho- 
mograft valve function. 4-6' 12 Some authors tate that 
viable homografts give rise to host-versus-graft re-
actions that decrease the durability of the implanted 
homograft valve. 2~ No conclusive evidence is 
present to support this statement, just as no convinc- 
ing evidence has been presented to prove that 
retained viability after cryopreservation will lead to 
enhanced graft survival. The presence of viable 
donor fibroblasts after cryopreservation, but before 
implantation, cannot predict hat the donor cells will 
remain viable after years of implantation. Several 
authors state that the importance of living fibro- 
blasts in valvular homografts at the moment of 
transplantation is no more than speculation. 23'24 
Before extensive changes in valve processing--such 
as adenosine catabolism inhibition, which decreases 
the metabolic injury at various teps in the sequence 
of graft processing--are r commended, 2s farther 
studies should prove that the durability of trans- 
planted grafts benefits from retained leaflet intersti- 
tial cell viability. 
To test the hypothesis that viability improves 
homograft durability, one must study the fate of the 
fibroblasts in explanted homograft valves. Many 
observations have been made tha t great differences 
exist with respect o cellularity and condition of the 
fiber structures in the explanted homograft leaf- 
lets.l-6, 17, 26 Despite this variability, the general ten- 
dency appears to be that of a decreasing cellularity 
and a loss of normal fiber structures. 
The use of valid viability assays is necessary to 
bring more light to this matter. Fibroblast viability 
Fig. 7. ISH photomicrograph of left coronary cusp from 
pig B272. Detail of the graft aortic wall that is occupied by 
Y-positive host fibroblasts. (Original magnification • 640.) 
can be assessed in different ways, using cell mor- 
phology criteria; as tissue culture techniques (which 
are not quantitative), 1 autoradiographic studies 
(showing the uptake of tritiated amino acids into 
collagen)y or determination f glucose use and pH 
changes as indications for metabolic activity. 28' 29 
At this moment, the origin of the fibroblasts can 
be exactly defined only if donor and recipient are of 
the opposite sex. Cytogenetic analysis of cultured 
fibroblasts by means of chromosome banding is one 
technique a and demonstrating Barr bodies is the 
other method that is available at present. Chromo- 
some banding is a reliable method to determine the 
chromosomal content of a cell and allows a distinc- 
tion to be made between male and female cells. 
However, this technique cannot say anything about 
the distribution and the total number of examined 
cells. The same reasoning isvalid for the method of 
Barr body determination because, to our knowl- 
edge, sex chromatin analysis has not been applied to 
tissue sections made from explanted valves, In ad- 
dition to that, determination of sex chromatin is 
known to have a low sensitivity and specificity, 
varying from tissue to tissue. 3~ Gavin and associates 4 
in 1973 stated that for this reason ~the results of sex 
chromatin analysis hould be interpreted with care. 
They pointed out the need for a more specific and 
sensitive method to clarify the role of donor and 
host fibroblasts in the heart valve homograft. 
In this study we present ISH as a new approach to 
an old problem in heart valve research. The high 
sensitivity, specificity, and resolution of ISH, to- 
gether with the fact that the technique can be 
directly applied to tissue sections, offer clear advan- 
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tages over the aforementioned techniques. In all 
cases in which donor and recipient are of the 
opposite sex, ISH done with a Y chromosome- 
specific probe can reliably determine the origin of 
cells in situ, that is, in their actual intravalvular 
location, which has not been possible thus far. 
ISH is not a new technique, but so far as we know 
it has never been used in homograft heart valve 
research. The technique is commonly used in oncol- 
ogy and in other fields of pathology. ISH detects 
specific nucleic acid sequences in histologic sections. 
The technique can be applied both to metaphase 
and to interphase cells, which allows a good preser- 
vation of valve structure. Before using the technique 
in explanted human homograft valves, we have 
gathered experience in a growing pig model. ISH is 
a time-consuming method, and for each new appli- 
cation a protocol has to be established by a trial and 
error method. Furthermore, from previous studies 
that included porcine aortic homografts, we knew 
that large fibroblast populations are present in por- 
cine cryopreserved aortic homografts explanted af- 
ter 5 to 6 months of implantation i  growing pigs. 3a 
Although this first animal experience is small, the 
technique was well reproducible and the specificity 
and sensitivity of the ISH method were excellent. 
Pairing the ISH-treated sections to HE-stained sec- 
tions allows for determination of cell structure and 
origin. In this study no attempts were made to 
ensure that the fibroblasts were viable, but cell 
structure did not show signs of death or cell damage. 
Recipient fibroblast ingrowth is much more pro- 
nounced in the rapidly growing pig model than in 
the human situation. The graft aortic wall had invari- 
ably been occupied by host fibroblasts, whereas the 
donor fibroblasts at that site had disappeared almost 
completely. This may be a consequence of the fact 
that cellular viability in homograft walls is less well 
maintained by cryopreservation than it is in ho- 
mograft leaflets. 32' 33 Recipient,fibroblast ingrowth 
always extended into the proximal half of the leaflet 
and could be distinguished from the pannus that 
covered the surfaces of the leaflets. Many times 
recipient fibroblasts originating from the surface pan- 
nus were seen to penetrate deep into the leaflet issue. 
Another form of host cellular ingrowth was some- 
times observed on the distal parts of the cusp where 
small islands of recipient cells had formed. Inas- 
much as these islets did not communicate with the 
fibrous sheath or with other fields of recipient cells, 
theY must have been created by blood-borne cells. 
Apart from small foci in the basal cusp regions, the 
remaining donor fibroblasts resided in the distal 
parts of the leaflet where they mostly had remained 
in  abundance. 
Thus in this study both recipient and donor 
fibroblasts were present in the explanted ho- 
mografts. No knowledge exists on the fate of the 
donor cells in this model. At present we are repeat- 
ing this experiment with an extended follow-up. No 
conclusions can be made with respect o what this 
observation means to the durability or functioning 
of the graft. In our opinion it is premature to state 
that the presence of either donor or recipient fibro- 
blasts leads to an enhanced graft' longevity. The 
main outcome of this study is that ISH may become 
an important tool in future observations on ex- 
planted homograft valves in clinical medicine. Spe- 
cies differences between pigs and human beings are 
no problem: the same technique can be used for the 
human Y chromosome. We recently started study- 
ing explanted human homografts. 
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